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(54) COMPD. SEMICONDUCTOR LASER DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a short-wavelength band compd. semiconductor 
laser device capable of a low-threshold operation. 

SOLUTION: On a substrate of a laser, an n-AlGaN clad layer 11, active layer 112, 
p-AlGaN clad layer 13, p-GaN contact layers 14, 15, and p-side electrode 16 are disposed. 
The p-side electrode 16, contact layers 14, 15 and p-clad layer 13 form a ridge structure 
10 extending in the oscillating direction of a laser beam. The p-clad layer 13 has a ridge 
part 13a of the ridge structure 10 and extensions 13b at both sides of the ridge part 13a. 
An Si02 dielectric coating layer 19 coats each side face of the ridge structure 10. A 
Cr/Au electrode layer 18 is disposed to cover the total length of the ridge structure 10, 
connected to the p-side electrode 16 and forms a non-Ohmic contact to the exposed 
surface of the extensions 13b. 



LEGAL STATUS [Date of request for examination] 06.09.2000 
[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 3300657 
[Date of registration] 19.04.2002 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of rejection] 

[Date of extinction of right] 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 
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3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The 2nd cladding layer which consists of a compound semiconductor 
of the 2nd conductivity type containing aluminum arranged on the 1st cladding 
layer which consists of a compound semiconductor of the 1st conductivity type 
containing aluminum, the barrier layer which consists of a compound 
semiconductor arranged on said 1st cladding layer, and said barrier layer, Said 
barrier layers being inserted between said 1st and 2nd cladding layers and said 
2 cladding layers The ridge section which makes a part of ridge structure 
prolonged [ from said 2 cladding layers ] along a projection and the oscillation 
direction of a laser beam in the opposite side with said barrier layer, Having the 
extension section which extends in the side on both sides of said ridge section, 
and the enveloping layer which consists each side face of said ridge section of a 
wrap dielectric so that said 2nd cladding layer may be contacted, Compound 
semiconductor laser equipment characterized by providing said 2nd cladding 



layer and the 2nd electrode which forms nqn-ohmic contact in said extension 
section while connecting with the 1st electrode connected to said 1st cladding 
layer through the top face of said ridge structure at said 2nd cladding layer. 
[Claim 2] Said barrier layer and said 1st and 2nd cladding layers are lll-V. 
Compound semiconductor laser equipment according to claim 1 characterized 
by consisting of a group compound semiconductor. 

[Claim 3] III of the 1st conductivity type containing aluminum The 1st cladding 
layer which consists of a group nitride semi-conductor, III arranged on said 1st 
cladding layer III of the 2nd conductivity type containing aluminum arranged on 
the barrier layer which consists of a group nitride semi-conductor, and said 
barrier layer The 2nd cladding layer which consists of a group nitride 
semi-conductor, Said barrier layer's being inserted between said 1st and 2nd 
cladding layers and said 2 cladding layers The ridge section which makes a part 
of ridge structure prolonged [ from said 2 cladding layers ] along a projection and 
the oscillation direction of a laser beam in the opposite side with said barrier 
layer, Having the extension section which extends in the side on both sides of 
said ridge section, and the enveloping layer which consists of a semi-conductor 
which has the crowning which covered the top face and both-sides side of said 



ridge structure, and was formed into low resistance so that said 2nd cladding 
layer might be contacted, Compound semiconductor laser equipment 
characterized by providing the 1st electrode connected to said 1st cladding layer, 
and the 2nd electrode connected to said 2nd cladding layer through said 
enveloping layer. 

[Claim 4] Compound semiconductor laser equipment according to claim 3 
characterized by said enveloping layer forming said 2nd cladding layer and 
non-ohmic contact in said extension section. 

[Claim 5] Compound semiconductor laser equipment according to claim 1 to 4 
characterized by said 2nd electrode consisting of a metal. 
[Claim 6] Compound semiconductor laser equipment according to claim 1 to 5 
characterized by said barrier layer and 2nd cladding layer being supported by 
the substrate through said 1st cladding layer. 

[Claim 7] Compound semiconductor laser equipment according to claim 1 to 6 
characterized by said 2nd conductivity type being a p mold. 
[Claim 8] Compound semiconductor laser equipment according to claim 1 to 7 
with which the heat sink layer which consists of a metal with a thickness 



thickness of 0.5 micrometers or more is characterized by contacting the top face 
and both-sides side of said ridge structure. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 



[0001] 

[Field of the Invention] This invention relates to compound semiconductor laser 
equipment, and is lll-V especially. It is related with the laser equipment of the 
gallium nitride system semi-conductor which becomes fundamental from the 
ingredient expressed with the following empirical formulas, such as a group 
compound, for example, GaN, AIGaN, InGaN, and InAIGaN. 
It is Inx Aly Gaz N and here, and is x+y+z=1, 0<=x, y, and z<=1 [0002]. 
[Description of the Prior Art] Development of the semiconductor laser equipment 
of short wavelength is furthered for the purpose of the application to a high 
density light disc system etc. With this kind of laser equipment, in order to raise 
recording density, it is required that oscillation wavelength should be shortened. 
As semiconductor laser equipment of short wavelength, the property 
improvement also of which of reading of a disk and writing is carried out even at 
possible level, and 600nm band light source by the InGaAlP ingredient is already 
put in practical use. 

[0003] In order to raise recording density further, development of blue object 
semiconductor laser equipment is performed briskly in recent years. With GaN 
system semiconductor laser equipment, research and development are 



performed [ that short-wavelength-izing is possible and the dependability of 
10,000 hours or more is checked in LED also about dependability to 350nm or 
less, etc. and ] that it is promising and briskly. The oscillation of the laser beam 
by current impregnation at a room temperature is also checked. Thus, a night 
RAIDO system is an outstanding ingredient which fulfills conditions required for 
the next-generation optical disc system light source in ingredient. 
[0004] In order to make application possible to an optical disc system etc., the 
oscillation property of a laser beam becomes important. For example, in a 
light-emitting part, in order for it to become indispensable to form a 
transverse-mode control structure to a composition plane in parallel and to 
acquire high-reliability, it becomes important that a threshold current value 
manufactures the sufficiently low semiconductor laser equipment of thermal 
resistance low. The ridge structure which investigates and forms an upper 
cladding layer as a candidate who fulfills these conditions in the short 
wavelength semiconductor laser equipment of optical disc system application is 
mentioned. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the conventional ridge 



structure, the problem that ridge width of face will become comparatively narrow 
if modal control is taken into consideration, and the mode tends to become 
unstable to a plane-of-composition perpendicular direction, and the problem of 
the optical loss of the electrode to oscillation light being large, and raising a 
threshold occur. Moreover, even if the yield is also very bad, the thermal 
resistance of a component will become big, the laser continuous oscillation itself 
becomes difficult and it compares and oscillates, the dependability of a 
component is spoiled remarkably. In order that, as for the conventional ridge 
structure, a process top may also prepare opening of a dielectric film on a ridge, 
alignment difficult at the time of an optical RISOGURAFU process is needed. 
[0006] Thus, thermal resistance is high and, as for the conventional 
semiconductor laser equipment which has ridge structure, it has the problem that 
the mode is also unstable and a process moreover becomes very difficult, this 
invention is made in consideration of the trouble of this conventional technique, 
and it excels in the repeatability of a process, and a production process can be 
easy and can operate with a low threshold etc. -- it aims at offering the 
compound semiconductor laser equipment of the transverse-mode control mold 
of a short wavelength region which has a good property. 



[0007] 

[Means for Solving the Problem] The 1st cladding layer which the 1st view of this 
invention becomes from the compound semiconductor of the 1st conductivity 
type containing aluminum in compound semiconductor laser equipment, The 
2nd cladding layer which consists of a compound semiconductor of the 2nd 
conductivity type containing aluminum arranged on the barrier layer which 
consists of a compound semiconductor arranged on said 1st cladding layer, and 
said barrier layer, Said barrier layer's being inserted between said 1st and 2nd 
cladding layers and said 2 cladding layers The ridge section which makes a part 
of ridge structure prolonged [ from said 2 cladding layers ] along a projection and 
the oscillation direction of a laser beam in the opposite side with said barrier 
layer, Having the extension section which extends in the side on both sides of 
said ridge section, and the enveloping layer which consists each side face of 
said ridge section of a wrap dielectric so that said 2nd cladding layer may be 
contacted, While connecting with the 1st electrode connected to said 1st 
cladding layer through the top face of said ridge structure at said 2nd cladding 
layer, in said extension section, it is characterized by providing said 2nd cladding 
layer and the 2nd electrode which forms non-ohmic contact. 



[0008] For the 2nd view of this invention, it sets to the compound semiconductor 
laser equipment of the 1st view, and said barrier layer and said 1st and 2nd 
cladding layers are lll-V. It is characterized by consisting of a group compound 
semiconductor. 

[0009] The 3rd view of this invention is III of the 1st conductivity type which 
contains aluminum in compound semiconductor laser equipment. The 1st 
cladding layer which consists of a group nitride semi-conductor, III arranged on 
said 1st cladding layer III of the 2nd conductivity type containing aluminum 
arranged on the barrier layer which consists of a group nitride semi-conductor, 
and said barrier layer The 2nd cladding layer which consists of a group nitride 
semi-conductor, Said barrier layer's being inserted between said 1st and 2nd 
cladding layers and said 2 cladding layers The ridge section which makes a part 
of ridge structure prolonged [ from said 2 cladding layers ] along a projection and 
the oscillation direction of a laser beam in the opposite side with said barrier 
layer, Having the extension section which extends in the side on both sides of 
said ridge section, and the enveloping layer which consists of a semi-conductor 
which has the crowning which covered the top face and both-sides side of said 
ridge structure, and was formed into low resistance so that said 2nd cladding 



layer might be contacted, It is characterized by providing the 1st electrode 
connected to said 1st cladding layer, and the 2nd electrode connected to said 
2nd cladding layer through said enveloping layer. 

[0010] The 4th view of this invention is characterized by said enveloping layer 
forming said 2nd cladding layer and non-ohmic contact in said extension section 
in the compound semiconductor laser equipment of the 3rd view. 
[0011] The 5th view of this invention is characterized by said 2nd electrode 
consisting of a metal in the compound semiconductor laser equipment of either 
the 1st thru/or the 4th view. The 6th view of this invention is characterized by 
said barrier layer and 2nd cladding layer being supported by the substrate 
through said 1st cladding layer in the compound semiconductor laser equipment 
of either the 1 st thru/or the 5th view. 

[0012] The 7th view of this invention is characterized by said 2nd conductivity 
type being a p mold in the compound semiconductor laser equipment of either 
the 1st thru/or the 6th view. It is characterized by the heat sink layer which the 
8th view of this invention becomes from a metal with a thickness thickness of 0.5 
micrometers or more in the compound semiconductor laser equipment of either 
the 1st thru/or the 7th view contacting the top face and both-sides side of said 



ridge structure. 
[0013] 

[Embodiment of the Invention] Hereafter, the compound semiconductor laser 
equipment concerning the gestalt of operation of this invention is explained to a 
detail, referring to an accompanying drawing. In addition, in the following 
explanation, duplication explanation is omitted by ****** which attaches the same 
number about the component which has the function and configuration of 
abbreviation identitas. 

[0014] Drawing 1 is the sectional view showing the outline configuration near the 
ridge structure of the blue semiconductor laser equipment concerning the gestalt 
of operation of the 1st of this invention. Drawing 2 is the perspective view 
showing the laser equipment concerning the gestalt of the 1st operation in the 
condition except an upper electrode. The gestalt of the 1st operation is lll-V 
which forms a laser cavity. It is related with the laser equipment using the 
ingredient expressed with the following empirical formula as a group compound 
semiconductor. 

[0015] It sets to this laser equipment like x+y+z=1, 0<=x, y, and z<=1 drawing 1 
illustration Inx Aly Gaz N and here. On silicon on sapphire 1, the n-Gal\l buffer 



layer 2 (3 3 micrometers in 1x1 018cm [ of Si dopes ] - thickness) is minded. 
Sequential arrangement of the n-aluminumO.15GaO.85N cladding layer 11 (3 
0.32 micrometers in 1x1 01 8cm [ of Si dopes ] - thickness), a barrier layer 12, and 
the p-aluminumO.15GaO.85N cladding layer 13 (3 0.35 micrometers in 
5x1 01 9cm [ of Mg dopes ] - thickness) is carried out. A barrier layer 12 has the 
multiplex quantum well structure (MQW) inserted between the GaN lightguide 
layer of a vertical pair with a thickness of 0.1 micrometers, and both the 
lightguide layer. Multiplex quantum well structure (MQW) consists of 5 sets of 
lnO.20GaO.80N well layers and the lnO.02GaO.98N barrier layer by which the 
laminating was carried out by turns, and the thickness of 3nm and each barrier 
layer is set as 6nm for the thickness of each well layer. 

[0016] On the p-cladding layer 13, sequential arrangement of the p lateral 
electrode 16 which consists of metals, such as the p-GaN contact layer 14 (3 0.4 
micrometers in 8x1 01 9cm [ of Mg dopes ] - thickness), the p-GaN contact layer 
15 (3 0.1 micrometers in 2x1 020cm [ of Mg dopes ] - thickness) in which the 
impurity was doped by high concentration (reduction in resistance), and 
Pt/Ti/Pt/Au, is carried out. The p lateral electrode 16, p-contact layers 15 and 14, 
and the prdadding layer 13 form in the opposite side the ridge structure 10 of a 



cross-section trapezoid prolonged along a projection and the oscillation direction 
of a laser beam in a barrier layer 12. 

[0017] The ridge structure 10 is formed after forming the metal layer for p lateral 
electrode 16 by removing the both sides of the part of the shape of a stripe 
corresponding to the ridge structure 10 by etching from the upper part to the 
middle of the p-cladding layer 13. For this reason, the p-cladding layer 13 has 
extension section 13b which extends in the side on both sides of ridge partial 
13a which is a part of ridge structure 10, and ridge section 13a. 
[0018] Si02 which is a dielectric on each side face of the ridge structure 10 from 
- the becoming enveloping layer 19 is arranged. An enveloping layer 19 is 
arranged so that the both-sides side of ridge section 13a of the p-cladding layer 
13 may be contacted substantially and this may be covered completely, the 
lower limit section of each enveloping layer 19 to spacing - setting - each 
extension section 13b top of the p-cladding layer 13 - Si02 from - the becoming 
insulating layer 17 is arranged. Between an enveloping layer 19 and an 
insulating layer 17, the exposure front face of extension section 13b of the 
p-cladding layer 13 is left behind in accordance with the ridge structure 10. 
[0019] one insulating-layer 17 top - since ~ the overall length of the ridge 



structure 10 is covered, and the electrode layer 18 which consists of metals, 
such as Cr/Au, is arranged so that it may result on the insulating layer 17 of 
another side further. The electrode layer 18 forms non-ohmic contact to the 
exposure front face of extension section 13b between an enveloping layer 19 
and an insulating layer 17 while connecting with the p lateral electrode 16. 
Moreover, the exposure front face of the n-buffer layer 2 is formed in the location 
from which it separated from the ridge structure 10, and the n lateral electrode 3 
which consists of metals, such as aluminum/Ti/Au, is arranged on it. 
[0020] The ridge structure 10 and the enveloping layer 19 of laser equipment 
concerning the gestalt of the 1st operation with which the below-mentioned 
experiment was presented were formed by the following approach. First, growth 
formation of all of the gallium nitride layers 2 and 1 1 thru/or 1 5 was carried out by 
MOCVD (metal-organic chemical vapor deposition) on silicon on sapphire 1. 
About growth conditions, the pressure was ordinary pressure, used the 
temperature of the range of 1000 to 1 100 degrees C in the ambient atmosphere 
which mixed nitrogen, hydrogen, and ammonia fundamentally about GaN(s) 
other than buffer layer 2, and an AIGaN layer, and used the temperature of the 
range of 700 to 850 degrees C in nitrogen and an ammonia ambient atmosphere 



about the barrier layer 12. 

[0021] After carrying out crystal growth of the gallium nitride layers 2 and 11 
thru/or 15 and forming the Pt/Ti/Pt/Au metal layer further for p lateral electrode 
16, the ridge structure 10 was formed by removing the both sides of the part of 
the shape of a stripe corresponding to the ridge structure 10 by etching from the 
upper part to the middle of the p-cladding layer 13. Here, the optical lithography 
technique which used the sensitization resist, and the dry etching technique by 
reactant chlorine-based ion were used. Thus, distance across vee formed in the 
opposite side the ridge structure 10 which is 2 micrometers in the barrier layer 12 
with the cross-section trapezoid prolonged along a projection and the oscillation 
direction of a laser beam. 

[0022] Next, it continued all over the substrate with the heat CVD method, and 
the dielectric (Si02) film used as the ingredient of an enveloping layer 19 and an 
insulating layer 17 was formed by the thickness of 600nm. Next, corresponding 
to opening for exposing the front face of extension section 13b of the p-cladding 
layer 13, the pattern of a photoresist with an aperture width of 8 micrometers 
was formed on the dielectric film between the enveloping layer 19 and the 
insulating layer 17. next, CF4 the used reactant ion - the amount of etching of 



300nm - aiming - gas phase etching - carrying out - self align —like - both the 
sides of the ridge structure 10 - the thickness of an average of 200nm - Si02 
from - the becoming enveloping layer 19 was formed. 

[0023] Self-align-formation of the enveloping layer 19 on the both-sides side of 
the ridge structure 10 was able to be performed with good repeatability, this - 
Si02 that a dielectric film becomes thicker on the both-sides side of the ridge 
structure 10 reflecting the configuration of the ridge structure 10 in case a 
dielectric film is formed, and the gas phase etching by reactant ion - supply of 
an ion kind -- it is thought that it is rate-limiting and being carried out and ** have 
influenced. 

[0024] In the laser equipment concerning the gestalt of the 1st operation 
produced using such an approach, the Cr/Au electrode layer 18 contacts the 
p-aluminumO.15GaO.85N cladding layer 13 on extension section 13b of the 
outside of the ridge structure 10. Since this contact is contact in the p-AIGaN 
layer 13 with low carrier concentration, and the metal layer 18, an electric 
obstruction in the meantime becomes large. On the other hand, in the crowning 
of the ridge structure 10, since it becomes contact to the p lateral electrode 16 
which consists of a p-GaN contact layer 15 with which Mg was doped by high 



concentration, and Pt/Ti/Pt/Au, contact resistance becomes low. 
[0025] According to the experiment, in the conditions impressed to the p lateral 
electrode 16 10V, the current 150mA or more was able to be passed in contact 
to p-contact layer 15 and the p lateral electrode 16, but the current which flows 
contact to the electrode layer 18 and the p-cladding layer 13 was 1mA or less. 
That is, it became clear that it was a thing without the structure and ****** of the 
former in which the current constriction effectiveness of the laser equipment 
concerning the gestalt of the 1st operation does not have contact of the 
electrode in the outside of ridge structure. 

[0026] moreover, in the laser equipment concerning the gestalt of the 1st 
operation, since the good metal-electrode layer 18 of heat conduction can be 
close brought to the barrier layer 12 which is a light-emitting part, heat 
dissipation nature can be boiled markedly and can be raised. Moreover, 
basic-mode light is Si02 equivalent to the low refractive-index layer of the side 
face of the ridge structure 10. It is controlled by the enveloping layer 19, and 
since the higher mode serves as the structure where the metal-electrode layer 
18 of the outside receives a cut-off further, it is stabilized and can control the 
higher mode, moreover - according to an experiment - the modes, such as a 



kink, - generating of an unstable component was able to be suppressed to 10% 
or less. 

[0027] Moreover, in the laser equipment concerning the gestalt of the 1st 
operation, the rise of a threshold current value is loose as for 2 micrometers or 
less, and the threshold itself can make small sharply width of face of the ridge 
structure 10. According to the experiment of an oscillation property, in this laser 
equipment, room temperature continuous oscillation was able to be carried out 
with the threshold of 15mA. Oscillation wavelength was 405nm and operating 
voltage was 5.5V. A beam property is a single crest and 5 micrometers and a 
sufficiently small value were acquired about the astigmatic difference. The 
highest optical output was obtained to 10mW by continuous oscillation, and the 
highest continuous-oscillation temperature is 80 degrees C, and operated to 
stability at the room temperature also about dependability for 1000 hours or 
more. In addition, these properties thin-film-ized the substrate 1 to 50 
micrometers by polish, and were acquired with the structure which carried out 
bonding of the substrate 1 side to the heat sink. . 

[0028] It is Si02 by which drawing 6 is the sectional view showing the structure 
of the example of a comparison, and this was formed in the whole surface 



including the side face of the ridge structure 10. It has an insulating layer 17 and 
the electrode layer 18 and the p-cladding layer 13 do not contact on extension 
section 1 3b of the outside of the ridge structure 10. In the case of this example of 
a comparison, the perpendicular mode is shut up caudad, and since [ of the 
longitudinal direction centering on the ridge structure 10 ] it becomes 
disadvantageous to shut up, the transverse mode cannot control to stability. 
Moreover, conversely, if there is neither an insulating layer 17 nor an enveloping 
layer 19 and the electrode layer 18 contacts the side face of the ridge structure 
10, the optical loss by the electrode will become large to a basic mode, and a 
threshold will rise. In this case therefore, width of face of the ridge structure 10 
cannot be made narrow to 3 micrometers or less. 

[0029] When experimented in the oscillation property on the laser equipment and 
these conditions which start the gestalt of the 1st operation about the structure of 
the example of a comparison of drawing 6 , the threshold current value was as 
high as 80mA, and the highest continuous-oscillation temperature was as low as 
30 degrees C. Moreover, it was a yield below one half that the beam of a single 
crest was obtained. 

[0030], Drawing 3 is the sectional view showing the outline configuration of the 



blue semiconductor laser equipment concerning the gestalt of operation of the 
2nd of this invention. The electrode layer 18 of the gestalt of the 2nd operation 
which consists of metals, such as Cr/Au, is the same as that of the gestalt of the 
1 st operation except for 3 micrometers and a thick point. 
[0031] The heat generated in a barrier layer or a contact field diffuses to the heat 
sink. Therefore, when welding a substrate side to a heat sink, the recess of a 
substrate and the heat from the opposite side serves as a key of the 
improvement in a property. The electrode layer 18 is not only close to both the 
sides of the ridge structure 10, but in the gestalt of the 2nd operation, since the 
electrode layer 18 is thick, the heat dissipation effectiveness increases further. 
The thickness of the electrode layer 18 is determined in consideration of the heat 
parameter of each part on a design. According to the experiment, the heat 
dissipation effectiveness became remarkable by setting desirably 0.5 
micrometers or more of thickness of the electrode layer 18 to 1 micrometers or 
more. When experimented in the oscillation property on the laser equipment and 
these conditions which start the gestalt of the 1st operation about the gestalt of 
the 2nd operation, the highest continuous-oscillation temperature exceeded 90 
degrees C, and it checked operating to stability at 50 degrees C also in a 



reliability trial for 3000 hours or more. 

[0032] Drawing 4 is the sectional view showing the outline configuration near the 
ridge structure of the red semiconductor laser equipment concerning the gestalt 
of operation of the 3rd of this invention. The gestalt of the 3rd operation is lll-V 
which forms a laser cavity. It is related with the laser equipment using the 
ingredient expressed with the following empirical formula as a group compound 
semiconductor. 

[0033] In this laser equipment, sequential arrangement of the n-lnAlP cladding 
layer 21 , a barrier layer 22, and the p-lnAlP cladding layer 23 is carried out on a 
substrate (not shown) like x+y+z=1, 0<=x, y, and z<=1 drawing 4 illustration Inx 
Gay Alz P and here. A barrier layer 22 has the InGaAlP multiplex quantum well 
structure (MQW) inserted between the lightguide layer of a vertical pair, and both 
the lightguide layer. 

[0034] On the p-cladding layer 23, sequential arrangement of the p-lnGaP 
contact layer 24 and the p-GaAs contact layer 25 in which the impurity was 
doped by high concentration (reduction in resistance) is carried out. p-contact 
layers 25 and 24 and the p-cladding layer 23 form in the opposite side the ridge 
structure 20 of a cross-section trapezoid prolonged along a projection and the 



oscillation direction of a laser beam in a barrier layer 22. The p-cladding layer 23 
has extension section 23b which extends in the side on both sides of ridge 
partial 23a which is a part of ridge structure 20, and ridge section 23a. 
[0035] Si02 which is a dielectric on each side face of the ridge structure 20 from 
- the becoming enveloping layer 29 is arranged. An enveloping layer 29 is 
arranged so that the both-sides side of ridge section 23a of the p-cladding layer 
23 may be contacted substantially and this may be covered completely, the 
lower limit section of each enveloping layer 29 to spacing - setting - each 
extension section 23b top of the p-cladding layer 23 - Si02 from - the becoming 
insulating layer 27 is arranged. Between an enveloping layer 29 and an 
insulating layer 27, the exposure front face of extension section 23b of the 
p-cladding layer 23 is left behind in accordance with the ridge structure 20. 
[0036] one insulating-layer 27 top - since - the overall length of the ridge 
structure 20 is covered, and the electrode layer 28 which consists of metals, 
such as AuZn/Au, is arranged so that it may result on the insulating layer 27 of 
. another side further. The electrode layer 28 forms non-ohmic contact to the 
exposure front face of extension section 23b between an enveloping layer 29 
and an insulating layer 27 while connecting with p-contact layer 25. 



[0037] According to the experiment of an oscillation property, in the laser 
equipment concerning the gestalt of the 3rd operation which carried out growth 
formation by MOCVD and produced each semi-conductor layer, room 
temperature continuous oscillation was able to be carried out with the threshold 
of 8mA. Oscillation wavelength was 650nm and operating voltage was 2.3V. A 
beam property is a single crest and 5 micrometers and a sufficiently small value 
were acquired about the astigmatic difference. The highest optical output was 
obtained to 10mW by continuous oscillation, and the highest 
continuous-oscillation temperature is 90 degrees C, and operated to stability at 
60 degrees C also about dependability for 500 hours or more. In addition, these 
properties were acquired with the structure which carried out bonding of the 
substrate side to the heat sink. 

[0038] Drawing 5 is the sectional view showing the outline configuration near the 
ridge structure of the blue semiconductor laser equipment concerning the gestalt 
of operation of the 4th of this invention. The gestalt of the 4th operation is the 
same as the gestalt of the 1st operation except for the point relevant to the 
enveloping layer 31 which consists of a semi-conductor. 
[0039] the gestalt of the 4th operation - setting - the above-mentioned Si02 



from » it replaces with the becoming enveloping layer 19, and the enveloping 
layer 31 which consists of Si is arranged. An impurity is doped by extent to which 
an enveloping layer 31 achieves the function as an electrode or wiring at high 
concentration (reduction in resistance), an enveloping layer 31 - one 
insulating-layer 17 top » since » the overall length of the ridge structure 10 is 
covered in the state of contact, and it is arranged so that it may result on the 
insulating layer 17 of another side further. An enveloping layer 31 forms 
non-ohmic contact to the exposure front face of extension section 13b between 
an enveloping layer 19 and an insulating layer 17 while forming ohmic contact to 
the p lateral electrode 16. Furthermore, the Cr/Au electrode layer 18 is arranged 
so that the whole enveloping layer 31 may be covered. 

[0040] The enveloping layer 31 of the laser equipment concerning the gestalt of 
the 4th operation with which the below-mentioned experiment was presented 
was formed by the following approach. After carrying out crystal growth of the 
gallium nitride layer 11 thru/or 15 and forming the Pt/Ti/Pt/Au metal layer further 
for p lateral electrode 16, the ridge structure 10 was formed by removing the 
both sides of the part of the shape of a stripe corresponding to the ridge structure 
10 by etching from the upper part to the middle of the p-cladding layer 13. Next, 



with the heat CVD method, it continued all over the substrate and the dielectric 
(Si02) film used as the ingredient of an insulating layer 17 was formed. Next, the 
optical lithography technique and the chemical etching technique were repeated 
and used, and opening was prepared near the ridge structure 10. And Si 
covering film 31 and the electrode layer 18 were formed by the spatter one by 
one. The width of face of the ridge structure 10 is 3 micrometers and Si02 in a 
base. Membranous (insulating layer 17) aperture width was set to 8 micrometers. 
[0041] In the laser equipment concerning the gestalt of the 1st operation 
produced using such an approach, the Si enveloping layer 31 contacts the 
p-aluminumO.15GaO.85N cladding layer 13 on extension section 13b of the 
outside of the ridge structure 10. Since this contact is contact to the p-AIGaN 
layer 13 with low carrier concentration, and the low resistance Si enveloping 
layer 31, it serves as non-ohmic contact. On the other hand, in the crowning of 
the ridge structure 10, since it becomes contact to the p lateral electrode 16 and 
the low resistance Si enveloping layer 31, it becomes ohmic contact. Moreover, 
the low resistance Si enveloping layer 31 and the electrode layer 18 of the 
outside can function as an electrode of one substantially. 
[0042] That is, in the gestalt of the 4th operation, if the class of semiconductor 



material of an enveloping layer 31 is chosen and the ridge structure 10 is 
covered, it is shown that the 1st thru/or the same effectiveness as the gestalt of 
the 3rd operation can be acquired effectually. In addition, the contact section 
with an electrode 16 etc. may dope an impurity into the part which wants to pass 
a current alternatively, and Si coat layer 31 may lower resistance for it to it. 
[0043] According to the experiment of an oscillation property, in the laser 
equipment concerning the gestalt of the 4th operation, the threshold current 
value in a room temperature is 20mA, and the highest continuous-oscillation 
temperature was able to be made high to 80 degrees C. Moreover, it checked 
that a reliability trial also operated to stability at 50 degrees C for 100 hours or 
more. 

[0044] In addition, this invention is not restricted to the gestalt of 
above-mentioned operation. For example, although silicon on sapphire is used 
in the gestalt of the 1st operation etc., it replaces with this and a SiC substrate is 
usable, moreover — as a dielectric and an insulator - Si02 except - aluminum 
203 etc. - it is usable. 

[0045] moreover, the amount of impurity extent from which each semi-conductor 
layer does not become mixed crystal about elements, such as Ti, Si, C, and 



nickel, in the gestalt of above-mentioned operation as a general formula of the 
semi-conductor which forms a laser cavity although Inx Aly Gaz N and here 
indicate x+y+z=1, 0<=x, y, and z<=1lnx Gay Alz P and x+y+z=1, 0<=x, y, and 
z<=1 are indicated here - you may contain. Furthermore, this invention can be 
applied also when using an ll-VI group compound semiconductor, and Si and 
germanium as a semi-conductor which forms a laser cavity. 
[0046] Moreover, if it does not have a bad influence on the threshold of laser, 
various modification is possible for the structure of laser equipment. In addition, 
this invention is applicable also to the optical device fields, such as waveguide 
structure, a photo detector, and a transistor. 
[0047] 

[Effect of the Invention] According to this invention, the thermal resistance of a 
component is fully low and outstanding transverse-mode mold semiconductor 
laser equipment also with the easy manufacture approach can be realized. In a 
property, the reduction in a threshold is possible especially, a beam property is 
also good, and the usefulness of the semiconductor laser equipment applied to 
this invention in order for dependability to also improve sharply will become high. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the outline configuration near the ridge 
structure of the blue semiconductor laser equipment concerning the gestalt of 
operation of the 1st of this invention. 



[Drawing 2] The perspective view showing the laser equipment concerning the 
gestalt of the 1st operation in the condition except an upper electrode. 
[Drawing 3] The sectional view showing the outline configuration of the blue 
semiconductor laser equipment concerning the gestalt of operation of the 2nd of 
this invention. 

[Drawing 4] The sectional view showing the outline configuration near the ridge 
structure of the red semiconductor laser equipment concerning the gestalt of 
operation of the 3rd of this invention. 

[Drawing 5] The sectional view showing the outline configuration near the ridge 
structure of the blue semiconductor laser equipment concerning the gestalt of 
operation of the 4th of this invention. 

[Drawing 6] It is the sectional view showing the outline configuration of the laser 
equipment of the example of a comparison. 
[Description of Notations] 

1 - Silicon on sapphire 

2 - n-GaN buffer layer 

3 - n lateral electrode 
10 - Ridge structure 



1 1 - n-AIGaN cladding layer 

12 - Barrier layer 

13 - p-AIGaN cladding layer 

14 15 - p-GaN contact layer 

16 - p lateral electrode 

17 — Dielectric enveloping layer 

18 - Electrode layer 

19 - Insulating layer 

20 - Ridge structure 

21 ~ n-lnAlP cladding layer 

22 - Barrier layer 

23 p-lnAlP cladding layer 

24 25 - p-contact layer 

27 - Dielectric enveloping layer 

28 ~ Electrode layer 

29 - Insulating layer 

31 - Semi-conductor enveloping layer 
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